Introduction
============

Primary angle-closure glaucoma is a pathological condition of increased intraocular pressure caused by blockage of aqueous humor flow or angle closure, and constitutes approximately 70% of glaucoma ([@b1-etm-0-0-3634]). There is high morbidity in elderly individuals suffering from angle-closure glaucoma ([@b2-etm-0-0-3634]). Most of their eye structures have degenerative changes, thus the incidence of angle-closure glaucoma with cataract is high at 30%, and has become a common cause of eye diseases resulting in blindness ([@b3-etm-0-0-3634]).

Simple treatment of glaucoma or cataract surgery does not relieve clinical symptoms effectively, and even increases the risk of recurrence ([@b4-etm-0-0-3634]). An effective response rate of conventional cataract extracapsular extraction combined with glaucoma operation can be ≤50--70% ([@b5-etm-0-0-3634]). Phacoemulsification cataract surgery is a possible technique that can be applied in the treatment of cataract combined with glaucoma.

Randomized controlled experiments were carried out in the present study to determine the safety and effectiveness of this type of surgery in the clinic and suggest possible applications thereof.

Materials and methods
=====================

### General materials

In total, 68 patients with primary angle-closure glaucoma with cataract presenting at the First Affiliated Hospital of Zhengzhou University were selected between February, 2012 and February, 2014 for the present study. The patients were examined using a non-contact tonometer (Keeler Ltd., London, UK), slit lamp microscope, gonioscopy and ophthalmologic A/B ultrasound machine (all from Shanghai Yimeng Software Technology Co., Ltd., Shanghai, China).

The inclusion criteria for the study were: ≥18 and \<80 years of age, compliance with the diagnostic code of angle-closure glaucoma suggested by Johnson and Foster ([@b6-etm-0-0-3634]) and the Emery-Little classification diagnostic code, the range of angle closure from 120 to 270°, patients being administered \>2 types of drugs to control glaucoma, and progression or intolerance of drugs following the initial treatment. Exclusion criteria for the study included the 'iris frill' or collarette syndrome, trauma, tumors and inflammation; medical history of anti-glaucoma operations such as laser, trabeculectomy and iridotomy; medical history of retinal diseases and lens injury, secondary glaucoma such as uveitis and after trauma; and poor compliance and incomplete clinical information.

The patients were randomly divided into the control group with 33 cases (48 eyes) and the observation group with 35 cases (53 eyes). There were 18 male and 15 female patients, aged 47--78 years, with an average of 63.5±7.1 years, and angle closure of 130--260°, with an average of 220.4±23.5°. Regarding hardness level, 16 eyes were lens nucleus with hardness level II, 30 eyes were with level III and 4 eyes were with level IV. The gender, age, range of angle closure and level of lens nucleus hardness in the two groups were compared and there was no statistical difference (P\>0.05).

The present study was approved by the ethics committee of the First Affiliated Hospital of Zhengzhou University. Writtern informed consent was obtained from the patients and their relatives.

### Operative methods

Prior to surgery, the patients in the two groups were administered drugs to reduce the intraocular pressure systemically or locally, and intraocular pressure was regulated to 15--30 mmHg. The patients received carbonic anhydrase inhibitor orally and used gatifloxacin eye drops. Usage of miotic ceased 24 h prior to surgery, Mydrin-P (0.5% tropicamide and 0.5% neophryn) eye drops were used for mydriasis, and the pupil was dilated to 6--7 mm.

Patients in the observation group received combined surgery of glaucoma and cataract. Benoxil superficial anesthesia (4 g/l) was combined with Alcaine retrobulbar block anesthesia, a transparent lateral incision was made at the 3-point corneal limbus of eyes and carbachol miosis was injected to the anterior chamber from it. Subsequently, continuous curvilinear capsularhexis was carried out for \~6 mm. After removing the lens and implanting the intraocular lens, carbachol miosis was injected into the anterior chamber. The corneal limbus was used as the basement to form the scleral flap, resect trabecular meshwork and peripheral iridoplasty in the scleral flap below. Subsequently, micro-nylon was used to suture the scleral and conjunctival flaps intermittently and to seal the ocular region.

Patients in the observation group received phacoemulsification cataract extraction combined with ciliarotomy. On the basis of the level of lens nucleus hardness, appropriate energy was applied in phacoemulsification to remove the lens, and an intraocular lens was implanted in the capsular bag. A viscoelastic agent was injected into the root of the iris in the anterior chamber, and a polishing tool was used to press the root of the iris gently, promoting the anterior angle dissection. After dissection, the viscoelastic agent was removed and the anterior chamber was restored to adjust the position of the intraocular lens and depth of anterior chamber. Following surgery, water was used to close the corneal incision and then seal the ocular region. Following surgery, periocular injection was given with 20,000 units of tobramycin and 2.5 mg of dexamethasone. The operative eyes were wrapped for 3 days continuously after tobradex ointment was applied in the eyes. In between the tobradex ointment, eyedrops were given. The patients with severe reactions in the anterior chamber also received tropicamide for mydriasis. Eventually, the operative eyes with deep anterior chamber and without apophysis of filter bleb were used from the first day following surgery, and were given eye ball massage.

### Observation indexes

Vision, intraocular pressure, depth of central anterior chamber, width of chamber angle and postoperative complication rate were compared. Subsequently, an international standard eye chart was used to carry out an eye and vision examination. A tonometer and ophthalmic A ultrasound were employed to detect intraocular pressure and depth of central anterior chamber, respectively, while a microgonioscope (Shanghai Yimeng Software Technology Co., Ltd.) was used to detect the width of the chamber angle.

### Statistical analysis

SPSS 20.0 software (IBM SPSS, Armonk, NY, USA) was used for data analysis. Measurement data were presented as mean ± standard deviation. The independent sample t-test was used for comparisons between groups, and the paired t-test was used for the internal comparison of each group. The number of cases or percentage was used to indicate countable data. The χ^2^ test was used for comparisons between groups. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Comparison of vision and intraocular pressure

The vision and intraocular pressure of patients in the two groups were compared, and no statistical differences were observed (P\>0.05). Following surgery, vision was significantly improved, intraocular pressure was significantly decreased and improvement of the observation group was more evident (P\<0.05; [Table I](#tI-etm-0-0-3634){ref-type="table"}).

### Comparison of depth of central anterior chamber and width of chamber angle

The difference of depth in the central anterior chamber and width of chamber angle prior to surgery showed no statistical significance (P\>0.05). Following surgery, the depth of the central anterior chamber and width of chamber angle of patients in the two groups was significantly increased, and improvement of the observation group was more evident (P\<0.05; [Table II](#tII-etm-0-0-3634){ref-type="table"}).

### Comparison of operative complications

The operative complication rate in the observation group was significantly lower than that in the control group (P\<0.05; [Table III](#tIII-etm-0-0-3634){ref-type="table"}).

Discussion
==========

Pupil blockage is the main nosogenesis of angle-closure glaucoma. The degeneration of lens structure is the main factor for pupil blockage. Changes in the anatomic structure of local eyeball including thickening of lens, diminution of cornea, shortening of ocular axis and other changes may lead to the occurrence of angle-closure glaucoma ([@b7-etm-0-0-3634]). Clinical treatment of glaucoma combined with cataract mainly depends on extracting the lens and relieving pupil blockage. Traditional treatment mainly depends on filtrable operation and peripheral iridectomy. Filtrable operation cannot resolve shallow of anterior chamber and narrow angle of angle-closure glaucoma fundamentally ([@b8-etm-0-0-3634]). Due to stimulation of surgical instruments and changes of local metabolism environment following surgery, the lens may experience turbid phenomenon again ([@b9-etm-0-0-3634]), which increases the rate of a secondary operation, the mental stress and economic pressure of patients.

The development of the phacoemulsification technique and promotion of medical instruments have led to use of phacoemulsification cataract combined with ciliarotomy in the treatment of angle-closure glaucoma combined with cataract, a method that has great application prospect in clinic. The results of the study show that, following surgery, visual acuity in the observation group improved significantly. Intraocular pressure was decreased significantly, the depth of central anterior chamber and width of chamber angle were increased significantly, while operative complications decreased significantly. However, substantial reduction of intraocular pressure prior to surgery to relieve postoperative response and reduce complications ([@b10-etm-0-0-3634]) is imperative. In addition, ciliarotomy was carried out after completion of cataract extraction because space of the posterior chamber of the eyes is enlarged and the iris became flat after extraction of the lens, since during the process of separating chamber angle, the iris is easy to remove. Ciliarotomy is assessed prior to and after emulsification, and it was found that the differences of vision, intraocular pressure, depth of anterior chamber and opening degree of chamber angle were not evident ([@b11-etm-0-0-3634]). Mitosis was completed prior to separating the chamber angle in order to increase the tension of iris, which is useful to separate chamber angle and prevents synechia at the same time ([@b12-etm-0-0-3634]). Before cataract extraction, pupil adhesion was relieved fully, a viscoelastic agent was used or the pupil was gradually dilated, which can reduce damage of the iris sphincter. Curvilinear capsularhexis was applied, a capsule membrane scissors were used to cut off part of the adhered organizational membrane and separate the capsule and cortex was adhered completely in the process of hydration separation ([@b13-etm-0-0-3634]). An auxiliary hook was used to open the lower iris when phacoemulsification lens cleaved the nucleus, *in situ* phacoemulsification was assessed directly, and the nucleus was divided into two sections using the stop-and-chop method to divide the remaining nucleus into 2--3 fragmentation nucleus, which was successively removed while avoiding placing the probe of ultrasonic emulsification into the iris to operate blindly ([@b14-etm-0-0-3634]). The auxiliary hook was used to avoid the iris while perfusing the cortex, polishing the posterior capsule and implanting the foldable intraocular lens into a capsular bag. After separating the chamber angle with a viscoelastic agent, it was completely removed from the anterior chamber, and pigments and organizations. The remaining viscoelastic agent in the intraocuar lens was also removed, as well as caducous iris pigments, white organizational membranes and other residues in the surface and capsular bag ([@b15-etm-0-0-3634]).

In summary, use of phacoemulsification and intraocular lens implantation combined with ciliarotomy to treat angle-closure glaucoma with cataract in the elderly is a safe and effective technique, and should be applied in the clinic.

###### 

Comparison of vision and intraocular pressure.

                Vision      Intraocular pressure, mmHg                                                     
  ------------- ----------- ---------------------------- ------- ------- ------------ ------------ ------- -------
  Observation   0.12±0.03   0.67±0.14                    6.032   0.025   43.25±5.43   17.56±3.15   5.327   0.035
  Control       0.14±0.02   0.43±0.08                    4.632   0.037   41.62±4.21   26.78±4.29   4.798   0.039
  t             0.824       5.854                                        0.914        4.969                
  P-value       0.632       0.032                                        0.826        0.037                

###### 

Comparison of the depth of central anterior chamber and width of chamber angle.

                Depth of central anterior chamber, mm   Width of chamber angle, mm                                                   
  ------------- --------------------------------------- ---------------------------- ------- ------- ----------- ----------- ------- -------
  Observation   1.21±0.06                               3.74±0.32                    4.698   0.037   1.24±0.23   3.97±0.46   4.967   0.036
  Control       1.23±0.04                               2.92±0.46                    3.936   0.043   1.27±0.31   3.51±0.33   4.201   0.042
  t             0.914                                   4.314                                        0.745       4.426               
  P-value       0.865                                   0.041                                        0.439       0.039               

###### 

Comparisons of operative complications \[cases (%)\].

  Group         No. of eyes   Corneal swelling   Shallow of anterior chamber   Exudation of fibrinoid in iris   Filtering bleb leaking   After-cataract   Total incidence rate
  ------------- ------------- ------------------ ----------------------------- -------------------------------- ------------------------ ---------------- ----------------------
  Observation   53            1                  1                             1                                1                        1                  5 (9.43)
  Control       48            3                  3                             2                                2                        2                12 (25.0)
  χ^2^                                                                                                                                                    4.360
  P-value                                                                                                                                                 0.037
